We study the effects of the Internet on regional price differences. Comparing two Dutch regions, we find that before the rise of the Internet, price differences of used cars between those regions amounted to some 13-18%, controlling for mileage, age, fuel type and engine volume. These price differences have completely disappeared after the rise of the Internet, in particular a website that allows consumers to make detailed comparisons between almost all used cars for sale in the Netherlands. Yet we find that price differences between the Netherlands and Germany still exist, even after allowing for differences in tax regimes. JEL-codes: D12, D43, D83, L10.
Introduction
The effects of the Internet on the competitiveness of markets have been widely discussed, both in the theoretical and the empirical literature (for an overview, see e.g. Bakos, 2001 ). Many studies address the extent to which the Internet has affected price dispersion and/or price levels in a given market. In this paper, we take a different approach. We study the extent to which the Internet has affected price differences between markets.
We expect such an effect for the following reason. Consider the market for a highly differentiated product. Consumers do not have perfect information regarding the prices and the exact specifications of the products that each firm has on offer. Before the Internet, there are two regional markets. In one region, firms have more market power than in the other. For example, it may be harder for consumers in that region to learn the products and prices of a competitor. Now suppose that a website is introduced that makes it much easier for consumers to learn the exact product specifications and prices of the products that each firm has on offer. As a result, we would expect price differences between the two regions to disappear, as it now equally easy for all consumers to become informed.
In this paper we use data from a market that has exactly these characteristics: the market for used cars. Used cars are highly differentiated products, as they differ not only in brand, type, engine volume and accessories, but also in mileage and age. This makes it hard for consumers to find their preferred product, and to evaluate the options that each individual supplier has on offer. We use data for two regions in the Netherlands. Arguably, market conditions between these regions differed markedly. In one region, the density of car dealers is much lower, which implies that consumer search costs are higher, and firms have more market power. We find that for a sample of prices collected in the early 1990s prices are indeed much higher in the region with higher search costs. Nowadays, virtually all used cars that offered by dealers in the Netherlands are listed on the website www.autoscout24.nl, including all the characteristics of the car and a picture.
Therefore, one would expect regional price differences to disappear. This is exactly what we find.
For Dutch consumers, it is also feasible to search on the Internet for cars in Germany. Therefore, one would also expect price differences for used cars in the Netherlands and Germany to disappear. That, however, is not the case. We find that used cars are much cheaper in Germany. Part of this difference can be explained by different tax treatments and related transactions costs. Yet, these do not seem to be able to fully explain the price differences.
The remainder of this paper is structured as follows. Section 2 provides a short survey of related literature that discusses the effects of the Internet on prices and price dispersion. In section 3, we study used car prices in the Netherlands in the early 1990s.
We describe our data sets and show that, ceteris paribus, car prices in the west of the country were roughly 15% lower than prices in the north. Section 4 studies used car prices in the Netherlands as listed on the Internet in 2005. We show that, in this data set, price differences have been wiped out. Section 5 discusses alternative explanations for the price convergence that we find. In particular, we look at some anecdotal evidence regarding the price dealers pay for trade-ins. Section 6 discusses the German data, and compares them with those from the Netherlands. We find that price differences between Germany and the Netherlands are still substantial, even after taking tax differences into account. Section 7 concludes.
Related Literature
It has often been argued that the Internet makes it easier for consumers to compare prices online. In other words, the Internet has lowered search costs for consumers. Lower search costs in turn imply more competitive markets. A substantial body of theory predicts that lower search costs will lead to less dispersion of prices. See e.g. Burdett and Judd (1983) , Diamond (1987) , Rob (1985) , Reinganum (1979 ), or Stigler (1961 .
Yet, many empirical studies refute the hypothesis that price dispersion decreases due to the Internet. Brynjolfsson and Smith (2000) find substantial dispersion for prices of books and CDs on the Internet, to an extent that is roughly comparable to that in offline markets. Clay, Krishnan and Wolf (2001) report similar findings for the online book market. Chevalier and Goolsbee (2003) find that book prices are much more variable online than in retail stores. Clemons, Hann and Hitt (2002) find substantial differences in the prices of online travel agents. Scholten and Smith (2002) find that price dispersion in online markets in 2000 is at least as high price dispersion in retail markets in 1976. In the most comprehensive study to date, Baye, Morgan and Scholten (2004) find online price dispersion for more than 1,000 consumer electronics products. Thus, although it is often argued that the Internet lowers consumer search costs, empirical studies do not find that this indeed lowers price dispersion, as predicted by theory.
The theoretical literature also predicts that lower search costs will lead to lower prices, see e.g. Bakos (1997), or Anderson and Renault (1999) . Empirical studies do suggest that the Internet has indeed lowered prices. Admittedly, early studies still suggested that prices were higher online than in retail stores. Lee (1998) finds higher prices for used cars on the internet. Bailey (1998) finds the same result for books, CDs and software. But more recent work does find a beneficial effect of the Internet. Brynjolfsson and Smith (2000) find that, for books and CDs, prices on the Internet are 9-16% lower than prices in conventional outlets. Morton, Zettelmeyer, and Silva-Rosso (2001) find that consumers that use an online car referral service pay on average 2% less for a new car. Brown and Goolsbee (2002) find that Internet comparison sites have reduced prices for life insurance by 8-15%.
What all the cited empirical studies have in common, is that they look at the effect of the Internet on prices in a single market. To our knowledge, there are no studies that address the effect of the Internet on price differences between markets. That is exactly what we do in this paper. We focus on the dispersion of prices, not within a market, but between markets. Unfortunately, we are not able to assess the effect on the level of prices, as it virtually impossible to compare the prices of used cars in 1995 to those in
2005.
3. Used car prices before the Internet.
For the period 1994-1996 we collected data on prices of used cars in two regions in the Netherlands. We test to what extent prices differ between these two regions. To do so, we collected data on two types of cars. For each type of car, we explain prices from characteristics such as age and mileage, plus a dummy for the region in which the car was sold.
The coefficient of the region dummy reflects the price difference between the two regions.
The first region we use is the North, for our purposes defined as the region within a radius of 50 kilometers (some 30 miles) around Groningen, the largest city in the area, with some 170,000 inhabitants at the time. The second region is the West, for our purposes defined as the region within a radius of 50 kilometers around the Hague, a city with some 450,000 inhabitants. concern the price the dealer is willing to pay for the trade-in. We do not believe that our results are influenced by the fact that we observe ask prices rather than transaction prices.
We will return to this issue in section 5.
To limit the extent of heterogeneity in our data set, we restrict attention to one type of car in both samples that we use. In the first sample, we study the Citroen BX, a mid-range car that was highly successful in the 1990s, and thus yields a relatively high is an even closer match between the descriptive statistics of the two regions.
---I N S E R T T A B L E S 1 A N D 2 A B O U T H E R E ---
We explain the natural logarithm of the advertised price of a car from the car's age (in years), its mileage (in units of 10,000 kilometers), engine volume (in liters), and dummies for the type of fuel. 5 We also include a dummy that equals 1 if the car is advertised in West, and 0 if it is advertised in North. Obviously, we expect that mileage and the age of a car have a negative effect on its price. Larger engines should command higher prices. Moreover, as explained above, we expect that prices in West are lower than those in North. Hence, we expect the region dummy to be negative and significant. Regression results for sample 1 and 2 are given in Table 3 and Table 4 , respectively. Table 3 shows that the coefficients for mileage and age have the expected sign and are highly significant. Nevertheless, it is problematic to directly interpret these coefficients, as there is obviously a strong correlation between age and mileage. For the purposes of our paper, this is immaterial as we are not interested in these coefficients, but only in the coefficient of the region dummy. Dummies for diesel and LPG are insignificant and have the wrong sign. This may be a selection effect. On average, cars equipped with diesel or LPG will have higher mileage per year, as these technologies have a higher fixed costs but lower marginal costs for the owner of the car. Therefore, our dummies for diesel and LPG may pick up some of the effects that should be attributed to mileage.
---I N S E R T T A B L E S 3 A N D 4 A B O U T H E R E ---
Most interestingly, our region dummy is highly significant, and shows a strong effect.
Ceteris paribus, in the 1990s, used Citroen BXs that are sold in West are almost 13%
cheaper than used cars sold in North. Search costs are much lower in West, which implies that prices are lower as well, confirming Bakos (1997) and Anderson and Renault (1999) .
For the second sample, we do the same analysis. In this sample we do not have diesel cars, but we do have cars with automatic transmission. Therefore, we use an automatic transmission dummy rather than a diesel dummy. Table 4 shows that all coefficients are highly significant and have the expected sign. The region effect is even stronger than that in the previous sample: we find that used Volvos are approximately 18% cheaper in the West.
For both samples, we have tried a host of other specifications by dropping dummies, including other dummies, eliminating outliers, considering a subsample of nondiesel cars, etcetera. Yet, all these specifications give a value for the region dummy that is comparable to that reported in Tables 3 and 4 .
Used car prices in the Netherlands after the Internet.
For our second sample, we obtained data from www.autoscout24.nl in 2005. Again, we look at two types of cars, and use the same empirical strategy as in the previous section:
for each type of car, we explain prices from characteristics such as age and mileage, plus a dummy for the region in which the car was sold. The coefficient of the region dummy reflects the price difference between the two regions.
The website www.autoonline.nl was launched on April 1, 2000. In 2005, its name changed to www.autoscout24.nl. The site is set up by RDC and Autodata. These are centers that collect data on transactions and the supply of used cars at all registered car dealers in the Netherlands. Note that the website merely lists these cars, and offers several selection facilities. Cars can be selected on the basis of brand, type, color, price, mileage, age, and location of the dealer. Consumers still need to go to the dealer to buy the car, without having to reveal that they saw the car listed on the Internet.
Note that www.autoscout24.nl is not a referral site, as is the case for most websites in the US offering used cars (see e.g. Morton, Zettelmeyer, and Risso, 2001 ). Many studies on price dispersion compare products that are offered online with products that are offered in conventional retail outlets. For the used car market in the Netherlands, such a distinction cannot be drawn. Cars that are offered in outlets of certified dealers, are also listed on the Internet, and vice versa.
Searching for cars on the Internet is much easier than searching for cars using newspaper ads. For example, relatively few dealers list all relevant car characteristics in their newspaper ads. This is exactly the reason that it was much harder for us to collect data from newspaper ads than it was to collect data from the internet. Also, cars that are advertised on www.autoscout24.nl almost always include a picture of the car, and many more details than are ever reported in newspaper ads. Third, consumers that search on the Internet have the option to specify a large number of search criteria, something that obviously is not possible with newspaper ads.
---I N S E R T F I G U R E S 1, 2, 3 A B O U T H E R E ---
To give an idea of the possibilities of www.autoscout24.nl, we provide some screenshots. Figure 1 gives the English-language version of the main search screen. In this example, we look for a Citroen Xsara Picasso that runs on petrol, has mileage less than 100.000 kilometers, costs at most 15.000 euros, is from 2002 or later, and is sold by a dealer within 50 kilometers around ZIP code 9700 in the Netherlands, which is the city of Groningen (note that this is exactly the region North in our empirical analysis). Figure   2 gives the output of this search, as of November 29, 2006. It is possible to sort this output by year, mileage, or price. If we click one of the cars, we get a screen like that in Figure 3, containing all sorts of details of this car, plus the details of the dealer that has it on offer.
In our newspaper samples, we exclusively used data on the Citroen BX and Volvo 440, respectively. Ideally, we would like to use the same cars for our online samples.
That, however, is not possible, as these cars are no longer produced.
We have therefore chosen to analyze their successors, the Citroen Xsara Picasso and the Volvo S40. Again, we use dealers from the North and West region, as defined earlier.
As much as possible,
we have used the same dealers as in our newspaper samples. Yet, for our online samples, we needed more dealers, as we collected the data from a shorter time period. Since we had no automated access to the data, the information was secured manually by separately clicking on each observation and storing it into a data file. Table 5 and Table 6 give the sample statistics. Tables 2 and 6 , we see that cars in West on average are younger in the online sample, whereas there is hardly any difference in the newspaper sample. Yet, there is little reason to expect that our results will be affected by these differences between the newspaper and the online sample.
---I N S E R T T A B L E S 5 A N D 6 A B O U T H E R E ---
We do the same exercise as in the previous section, explaining the natural logarithm of the advertised price of a car from the car's age, mileage, engine volume, dummies for the type of fuel, and a region dummy. The results are reported in Tables 7 and 8 for the Citroens and Volvos, respectively.
---I N S E R T T A B L E 7 A N D 8 A B O U T H E R E ---
Again, in the Citroen sample, the LPG dummy is not significant, while it is in the Volvo sample. All other car-related variables are significant and have the expected sign.
Most interesting is the coefficient of the region dummy. In the newspaper sample, cars sold in West carried a discount of 13% and 18% respectively. Now, there is a small premium for Citroens of 1%, but this is not significant. Table 8 reports that, for our Volvos, we find a discount for the Western region which is smaller than 1%, and insignificant.
Alternative explanations
In the previous sections, we established that regional price differences on the used car market in the Netherlands have disappeared between 1994 and 2005. The most natural explanation is the introduction of the Internet and, in particular, the introduction of a comparison site for used cars. Before the Internet, search costs in North were much higher than those in West, as the dealer density is much lower. With the Internet, search costs are equal; by using the Internet, it is just as costly to find characteristics and prices for cars that are for sale in North as it is for cars that are for sale in West.
There could be other explanations as to why regional price differences have dis- have a higher quality than one in 1995, even after allowing for mileage and age. Technology has proceeded, which has positively affected e.g. the durability of cars. Yet, as we look at price differences between regions at a given point in time, this can only affect our result if the increased durability has affected used cars offered for sale in North in a way that is systematically different from how it has affected used cars in West. We can think of no convincing reason as to why that would be the case.
Second, the market structure of the Dutch used car market may have changed.
Again, to explain our results, we would need a change in market structure that is substan- If that were the case, then the net price that a consumer pays who trades in his or her car, 6 See www.cbs.nl. The numbers reported here concern the number of branches active in SBI'93 category 50104, which is 'Trade and Repair of Cars', in the areas that are denoted by Statistics Netherlands as 'north' and 'west'. Note that these numbers refer to the number of branches, not the number of firms. Also note that our definitions of 'North' and 'West' may still be substantially higher in North. Of course, it is very hard to evaluate whether this really is the case, as we cannot possibly observe the prices that are paid for trade-ins.
Yet, the Dutch Automobile Association (ANWB) does provide some anecdotal evidence.
In the fall of 2005, ANWB Kampioen, the monthly magazine of the Dutch Automobile Association, anonymously offered a single used car to 50 different car dealers throughout the country (see ANWB, 2005) . It sampled ten dealers in each of five regions:
North, East, Center, West and South. 7 Differences between the prices that individual dealers offered were substantial, but the regional price differences much less so. In particular, the price offered by dealers in North was 3992 euro, while that in West was 3950 euro, a difference of just 1%. This suggests that not only the posted prices for used cars have converged, but also that the prices that dealers offer for trade-ins do not systematically differ among regions.
International price differences
In the previous sections, we argued that the Internet has eliminated regional price differences on the used car market in the Netherlands. It is interesting to see whether international price differences have disappeared as well. The website www.autoscout24.nl is part of a European network www.autoscout24.com that offers very similar services in Germany, Belgium, Spain, Italy, France, Switzerland, Austria, Sweden, and Luxemburg.
Indeed, when searching for a used car in the Netherlands, one has the option to include German car dealers in that search as well. In this section, we thus perform an analysis that is similar to that in Section 4. However, rather than comparing prices in the north and the west of the Netherlands, we now compare prices in the north of the Netherlands and the north of Germany.
We collected data for Citroen Xsara Picassos offered in the North of Germany.
The German region is constructed in such a way that the distance between these areas is the same as the distance between the two areas in the Netherlands. Unfortunately, we
were not able to construct a similar database with Volvos since there were simply too few 7 Note however that the ANWB's definitions of 'North' and 'West' do not exactly coincide with ours.
of those being advertised in Germany. Therefore, we have collected data in both regions for the Opel Astra 8 , which is widely offered in both countries. Table 9 gives the sample statistics for the Citroen sample we use in this section.
This sample includes the online data for Germany, collected from www.autoscout24.de, and the online data for the North of the Netherlands that we also used in our earlier analysis.
---I N S E R T T A B L E 9 A B O U T H E R E ---
Note in particular that the number of diesels offered in Germany is much higher.
Also, the average mileage is much lower. The results of our regression are reported in Table 10 . We now include a region dummy that equals 1 for cars from Germany, and 0
otherwise.
---I N S E R T T A B L E 1 0 A B O U T H E R E ---
We do find substantial price differences. Prices in Germany are some 40% lower than prices of comparable cars in the Netherlands. This effect is robust among different specifications. For example, we have also looked at diesel and non-diesel cars separately, but this does not affect the analysis a great deal.
Yet, for a citizen of the Netherlands, the advertised prices in Germany are not the prices that (s)he will ultimately end up paying. The tax treatment of cars differ in the two countries. Apart from the value added tax, consumers that buy a new car in the Netherlands also have to pay the Belasting Personenauto's en Motorrijwielen (BPM; tax on cars and motorcycles). When buying a car in the Netherlands, these taxes are included in the price. However, when buying a car abroad, the BPM still has to be paid upon importing the car. Moreover, the car has to be tested by the Dutch authorities. Cars bought in the EU are exempt from import taxes. Also, no VAT is charged on used cars.
9
It is a complicated exercise to calculate the BPM that has to be paid for an imported car. The full BPM tariff of 45,2% is applied to the net catalog price of the car. The higher the engine volume, the higher the net catalog price. The tariff applied to this price results in the BPM value. The gross BPM value is then obtained by adding or subtracting a fixed amount depending on the type of engine that the car has. For a car with a petrol engine 1540 euro can be deducted, for a car with a diesel engine, 328 euro has to be added. 10 Depending on the age of the car, a discount is applied to gross BPM. Discounts range from 37% for a car that is 1 year old, to 100% for a car that is over 25 years old.
11
For all German cars in our sample, we added the appropriate tax for import to the Netherlands. The resulting price is the relevant one for Dutch consumers who consider buying that car. If the Internet has eliminated price differences between the Netherlands and Germany, then Dutch prices should equal these German after-tax prices, possibly after also allowing for some transaction costs of going through the hassle of importing a car.
---I N S E R T T A B L E 1 1 A B O U T H E R E ---
The results of our regression for these after-tax prices are reported in Table 11 . The price difference is now almost 17%, which is significant at the 1%-level.
---I N S E R T T A B L E 1 2 A N D 1 3 A B O U T H E R E ---
We perform a similar analysis for an Opel Astra sample. We present the sample statistics in Table 12 . Cars in Germany are slightly younger, and have more diesel engines. We have also included the Opel Astra Station in both samples. We have more Opel Astra Station models in Germany. The regression output is presented in Table 13 . All variables 10 In addition, every imported car has to be investigated by RijksDienst Wegverkeer (RDW), which costs 137.25 euro. Furthermore, every imported car older than 3 years needs to undergo the Algemene Periodieke Keuring (APK), which costs 68.43. 11 For example, suppose that we consider importing a 1-year old Citroen Xsara Picasso with a 2000 cc petrol engine. The net catalog price of this car was 16474 euro. Its BPM value is 45.2% of the net catalog price, which equals 7446 euro. The petrol engine allows us a discount of 1540 euro, which brings the total to 5906. A 3-year old car carries a discount of 37%, which brings total BPM due to 3721 euro. Adding the costs of investigation by RDW (see previous footnote), brings us to a total tax bill of 3858 euro.
have the expected sign and are highly significant, except for the station dummy. Most importantly, we find a highly significant negative regional dummy for Germany. Again, this dummy indicates that prices are almost 40% lower in Germany.
Yet, also when importing an Opel Astra, there are additional costs involved.
Again, we have added these values to the German prices. The regression results are given in Table 14 . All coefficients are as expected and highly significant, except for the station dummy. Most importantly, the price advantage in Germany has fallen to a value of 18%.
---I N S E R T T A B L E 1 4 A B O U T H E R E ---
Part of these price differences most likely reflect the hassle of importing a car from Germany, and taking care of the appropriate registration and taxes. However, our point estimate of the price difference, evaluated at the price of the average German car in the sample, boils down to at least 2000 euros. This seems higher than the relevant transaction costs.
There may be several reasons why the price differences for used cars between Germany and the Netherlands have persisted. First, on average, cars sold in Germany may have more accessories and better specifications than those in the Netherlands, in dimensions for which we do not control. If this is the case, we overestimate the price difference between Germany and the Netherlands. Yet, this is unlikely to explain the entire difference. Second, trade-ins may pose a problem. A consumer buying a used car in the Netherlands often uses his own car as a trade-in. It would be very hard, if not impossible, to use a Dutch used car as a trade-in with a German car dealer. To avoid the hassle of seperately selling their own used car, Dutch consumers may be willing to pay a premium for used cars in the Netherlands. Third, a Dutch consumer that buys a used car in Germany, may be concerned about its future resale value in the Netherlands. There are several reasons for this. For example, a German car that is brought to the Netherlands will obtain a Dutch license plate. In the Netherlands, license plates are issued in chronological order, which allows any observer to directly infer the exact age of the car (see Kooreman and Haan [2005] for further details). For an imported car, the license plate obviously does not match the age of the car, which may make it harder to resell the car in the future. In future research, we plan to test whether this really is the case.
Conclusion
In this paper, we studied the effects of the Internet on regional price differences. Comparing two regions that arguably differ in their search costs, we find that before the rise of the Internet, price differences of used cars between those regions amounted to some 13%
for Citroens and even 18% for Volvos, controlling for mileage, age, fuel type and engine volume. After the rise of the Internet, and in particular a price comparison site that includes all cars offered through certified dealers in the Netherlands, these regional price differences have completely disappeared.
However, we do find evidence that regional price differences between the Netherlands and Germany still exist, after allowing differences in tax regimes and transaction costs. This implies that opportunities for arbitrage persist -at least for now. 
